A field experiment was conducted in the period [2006][2007][2008] in the Uhrusk Experimental Farm belonging to the University of Life Sciences in Lublin. The experimental factor was the type of stubble crop ploughed in each year after harvest of spring barley: white mustard, lacy phacelia, winter rape, and a mixture of narrow-leaf lupin with field pea. In the experiment, successive spring barley crops were grown one after the other (in continuous monoculture). The aim of the experiment was to evaluate the effect of stubble crops used on the size and structure of barley yield. The three-year study showed an increasing trend in grain yield of spring barley grown after the mixture of legumes, lacy phacelia, and white mustard compared to its size in the treatment with no cover crop. Straw yield was significantly higher when barley was grown after the mixture of narrowleaf lupin with field pea than in the other treatments of the experiment. The type of ploughed-in stubble crop did not modify significantly plant height, ear length, and grain weight per ear. Growing the mixture of leguminous plants as a cover crop resulted in a significant increase in the density of ears per unit area in barley by an average of 14.7% relative to the treatment with winter rape. The experiment also showed the beneficial effect of the winter rape cover crop on 1000-grain weight of spring barley compared to that obtained in the treatments with white mustard and the mixture of legumes. All the cover crops caused an increase in the number of grains per ear of barley relative to that found in the control treatment. However, this increase was statistically proven only for the barley crops grown after lacy phacelia and the mixture of legumes.
INTRODUCTION
As a result of the high proportion of cereals in the crop structure, they are more and more frequently sown in stands after grain forecrops or grown in monoculture (K w i a t k o w s k i , 2004). This contributes, among others, to gradual degradation of soil, since its macro-and micronutrient availability decreases, physical and biological properties deteriorate as well as weed infestation increases and the regrowth of troublesome species occurs (T h o r u p , 1994). A consequence of this is a frequent decrease in yields of cereals, including spring barley that belongs to plants particularly sensitive to improper crop sequencing.
One of the methods to reduce adverse changes in agroecosystems is stubble cropping (A n d r z ej e w s k a , 1999). Growing stubble crops as green manure that is ploughed in, which improves the quality of the soil environment with relatively low outlays, is gaining special significance (D u e r , 1994 ; M a r s h a l l et al. 2003) .
The assumptions of sustainable farming propose that cover crops should be left in the form of mulch for the winter period -not ploughed in (S z a f r a ń -s k i and K u l i g , 2005). But some studies show that ploughing in post-harvest biomass has a more beneficial effect on yield of spring cereals than mixing the mulch with the soil directly before sowing (H a n s e n et al. 2000) .
The aim of the present study was to evaluate the effect of stubble crops ploughed in on yield and yield structure of spring barley grown in three-year continuous monoculture.
MATERIALS AND METHODS
This field experiment was conducted in the period [2006] [2007] [2008] in the Uhrusk Experimental Farm belonging to the University of Life Sciences in Lublin. In the experiment, spring barley (Hodeum vulgare L.) cv. Blask was grown in the stand after barley under continuous monoculture. The study factor was the type of stubble crop sown after harvest of spring barley: A -control treatment (with no cover crop), B -white mustard, C -lacy phacelia, D -winter rape, E -mixture of legumes (narrow-leaf lupin + field pea).
The experiment was established on medium heavy mixed rendzina soil. The soil showed an alkaline pH (pH in 1 mol KCl = 7.7), average availability of phosphorus (65.0 mg P x kg -1 of soil) and potassium (160.1 mg K x kg -1 of soil) as well as very low magnesium availability (20.1 mg Mg x kg -1 of soil). The humus content was at a level of 1.7%, whereas the content of fines in the 0-30 cm layer was 35.0%.
For all the study years, average air temperature (during the growing period of barley) was higher on average by 0.9 o C than the long-term average ( In 2006 and 2007 total rainfall during the growing period of barley (IV-VIII) much exceeded the long-term average by respectively 210.0 and 136.6 mm (Table 1) . In 2008 total rainfall was lower by 19.6 mm than the long-term annual average. In spite of the lowest rainfall levels in the last year of the experiment, the highest barley yield was obtained. It is most probably attributable to a large amount of water at the time of sowing and during the initial growth of this plant (IV) when it has high water requirements. Higher rainfall than the long-term average was recorded in months IV, V and VII. April 2007 turned out to be the driest month of the three-year period. Lower rainfall than the longterm average was also recorded in April, June, and July 2006 as well as in June and August 2008. Taking into account particular months of the growing season during the duration of the experiment, the most abundant rainfall was recorded in August 2006 (Table 1) .
The field experiment was set up in quadruplicate using the split-block design, in a stand after spring barley. The sown area of the plot was 35 m 2 , while the harvested area was 24 m 2 . Stubble crops were sown each year in the second decade of August. Prior to sowing, single ploughing was done and a seedbed cultivator was used, consisting of a spring-tine harrow and a cage roller. The amount of seeds sown was as follows for particular plants: white mustard 15 kg x ha -1 , lacy phacelia 10 kg x ha -1 , winter rape 10 kg x ha -1 , field pea and narrow-leaf lupin 90 kg x ha -1 of each. Every year the cover crops were ploughed in before winter to a depth of 25 cm.
Pre-sowing tillage for spring barley cropping was done in a typical way (harrowing, seedbed cultivator: spring-tine harrow + cage roller). Before sowing the cereal crop, mineral fertilization was applied. Rates of mineral fertilizers were determined based on nutrient requirements of the plant and soil nutrient availability. NPK rates (kg x ha -1 ) were as follows: N -50 (ammonium nitrate 34.5%), P -30 (superphosphate 40%), K -66 (potassium salt 60%).
Spring barley was sown each year in the first decade of April, at a rate of 140 kg x ha -1 . Prior to sowing, seed dressing was applied, using a seed dresser made on the base of tiuram and carbendazim at a rate of 200 g per 100 kg of seeds.
In this experiment, only mechanical weed control was used, which involved harrowing at the 3-4-leaf stage (stage 13-14 in the BBCH scale). At stage 37, flag leaf just visible, still rolled, a fungicide containing the active substances propiconazole and fenpropidin was applied at a rate of 1.0 l x ha -1 . Spring barley was harvested at the fully ripe stage (the first decade of August). The yield traits (plant height, ear length, 1000-grain weight, number of grains per ear, grain weight per ear) were determined based on a sample consisting of 30 ears randomly selected from each plot. Estimation of ear density of barley was made in sampling areas marked out by a frame with dimensions of 1 m × 0.5 m, in two randomly selected points of each plot. 
RESULTS
On average for the three-year study period, spring barley yield was not significantly dependent on the stubble crops ploughed in (Table 2 ). In the treatment with no cover crop and in the plot after winter rape, barley produced yield at an almost identical level. Compared to the control treatment, an increasing trend in grain yield was observed after ploughing in white mustard, lacy phacelia, and the mixture of legumes, with yield increases of 1.3, 4.0 and 7.7%, respectively.
Statistically proven differences in spring barley yield were found in the second year of the study. Significantly higher yield was recorded in the barley crop grown after the mixture of leguminous plants relative to the other experimental treatments. The stand after winter rape and white mustard proved to be the least beneficial for productivity of this plant. After these cover crops, the decrease in barley yield was respectively 21.2 and 17.4% compared to that obtained in the treatment with the mixture of legumes.
The stubble crops significantly modified straw yield of spring barley in each year during the study period ( Table 2) . The highest value of the trait in question was found in the treatment with the ploughed-in mixture of narrow-leaf lupin with field pea. A proven decrease in straw yield, compared to that obtained in the barley crop grown after the mixture of legumes, averaged as follows: 14.8% after white mustard, 14.4% in the control treatment, 14.1% after winter rape, and 10.2% after lacy phacelia.
On average for the three-year study period, the stubble crops compared in this experiment did not modify significantly spring barley plant height (Table 3) . Only a decreasing trend in the value of the trait in question was observed in all the treatments compared to that achieved in the crop grown after the mixture of narrow-leaf lupin with field pea. Statistically significant differences in barley plant height were only found in the third year of the study (2008). The lowest plants were then observed in the stand after ploughedin winter rape. Compared to this treatment, significantly higher plants were found in the crops grown after white mustard and the mixture of legumes, by 10.5 and 9.6%, respectively. The stands after all the cover crops, except for winter rape, had a beneficial effect on the value of this trait compared to that found in the control treatment; however, this increase in plant height was not proved statistically.
On average for the three-year period, no significant effect was found of stubble crops on ear length of spring barley (Table 3) . But there were proven differences in the second and third year of the experiment. In 2007 growing barley without cover cropping resulted in a significant reduction in ear length compared to that found in the treatments after all the cover crop plants, from 10.3% in the case of the plots with mustard and rape to 16.4% in the treatment with the leguminous plants. In 2008 the shortest ears were noted in the stand after the winter rape cover crop; they were significantly smaller compared to those found in the barley crop grown after white mustard and in the control treatment, by 12.6 and 11.6%.
The type of stubble crop used had a significant influence on ear density of spring barley (Table 3) . On average for the study period, the ploughing-in of the mixture of legumes had the most beneficial effect on the value of the trait under analysis. A significantly lower density of ears was obtained when the winter rape cover crop was used as an in-between crop in the cultivation of barley. The decrease in ear density relative to that found after the leguminous plants was 78.3 pcs. x m -2 , that is, by 12.9%. A similar influence of the stubble crops on ear density was found in the second (2007) and third year (2008) of monoculture cropping, whereas in the first year (2006) of barley cropping the differences were insignificant.
The introduction of stubble crops as a regenerating factor in spring barley monoculture cropping significantly differentiated thousand grain weight (Table 4) . On average for the three-year period, a decrease in the value of this trait was found in all the other treatments of the experiment compared to the winter rape cover crop. Nonetheless, this decrease was statistically proven only with respect to the crops grown after white mustard and the mixture of lupin with pea. The difference in favour of the treatment with winter rape was 5.4% compared to white mustard and 4.7% relative to the mixture of legumes. Barley grain size also differed significantly in the years 2007 and 2008. In the second year of monoculture cropping (2007), the value of the trait in question was the highest in the stand after winter rape, while it was the lowest after the mixture of legumes and in the treatment with no cover crop. In the other treatments, 1000-grain weight was at a similar level that did not differ statistically. In 2008 1000-grain weight was highest in the control treatment with no cover crop. But a proven decrease in the value of this trait was found in the stand after the white mustard cover crop (by 9.3%) and the mixture of legumes (by 6.0%).
The stubble crops also modified significantly the number of grains per ear in spring barley (Table 4) . On average for the three-year period, all the cover crops resulted in an increase in the value of this trait compared to that found in the control treatment. However, this increase was statistically proven only in the case of barley cropping after lacy phacelia and the mixture of legumes. The difference in favour of both these cover crops was 11.0%. A significant influence of cover crops on the number of grains per ear was also found in the second and third year of spring barley monoculture. In 2007 the lowest number of grains per ear was obtained in the treatment without cover crop. The stand with the ploughed-in legume biomass proved to be the most beneficial, and that with lacy phacelia was only slightly less beneficial. After these cover crops, the number of grains per ear was significantly higher compared to that found in the control treatment, by 2.6 and 2.4 pcs., respectively. In 2008, after ploughing in white mustard, a significant increase was recorded in the number of grains per ear in spring barley compared to that obtained in the other treatments; this increase was from 8.7% relative to the treatment with no cover crop up to 11.5% in the stand after the mixture of legumes.
Grain weight per ear of spring barley was at a similar level that did not differ statistically in all the treatments of the experiment (Table 4) . 
DISCUSSION
The study results show that, on average for the three-year study period, the ploughing-in of the stubble crops did not have a significant effect on yield of spring barley grown in monoculture. There was only observed an increasing trend in grain yield after most of the stubble crops. Likewise, in the studies of K u ś and J o ń c z y k (2000) as well as G a w ę d a (2009 and 2010), cover cropping had a beneficial effect on yield of spring cereals. Nevertheless, the inclusion of cover crops in crop sequencing was not able to fully compensate for reductions in grain yield caused by growing cereal crops one after the other.
In the present experiment, the highest increase in barley grain yield was found in the barley crop grown after the mixture of legumes, relative to that obtained in the other treatments. These results are confirmed by the studies of D e r y ł o (1997) in which it was demonstrated that the introduction of cover cropping by using a mixture of legumes as a factor counteracting soil fatigue in crop rotations with a large proportion of cereals increased grain yield of spring barley by 0.20 t per ha.
The regenerating effect of stubble crops on grain yield of spring barley grown in three-year monoculture was shown by K w i a t k o w s k i (2004). In this study, he found that grain yield in the control treatment with no cover crop was lower by 27.8 and 20.7%, respectively, than that obtained under the conditions when mustard and a legume mixture were grown as an in-between crop. On the other hand, S k r z yc z y ń s k i et al. (1992) proved that growing spring barley after different leguminous plants did not result in a significant difference in its yield. No regenerating effect of the white mustard cover crop on grain yield of spring barley was found in the present study. But other authors indicate the yield-increasing effect of this plant. An increase in grain yield of spring barley grown after a white mustard cover crop was found by the following researchers, among others: K u ś et al. In the experiment under discussion, the stubble crops generally modified significantly ear density per 1 m 2 , 1000-grain weight, and number of grains per ear of spring barley. A significantly higher density of ears was found in the treatment with the ploughedin mixture of legumes than in the barley crop grown after winter rape. In the study of K w i a t k o w s k i (2009), statistical analysis also proved the beneficial effect of a legume cover crop (vetch + field pea) on ear density of spring barley grown in monoculture; it was significantly higher that than obtained in the treatment with no cover crop. In the present study, an increasing trend was only observed in ear density of barley grown after the leguminous plants compared to that found in the control treatment. However, P u ł a and Ł a b z a (2000) observed a beneficial effect of a white mustard cover crop on ear density of spring barley. In the experiment of these authors, the increase in ear density relative to its value in the control treatment was 32 ears per 1 m 2 . On average for the three-year study period, the experiment under discussion proved a beneficial effect of the winter rape cover crop on 1000-grain weight compared to that found in the treatments with white mustard and the mixture of legumes. But this study did not find a significant effect of the cover crops under comparison relative to the treatment without the regenerating plant. Similarly, K w i a t k o w s k i (2009) did not prove the effect of the stubble crops on the increase in thousand grain weight (TGW). He only showed a small effect of a white mustard cover crop on the increase in TGW compared to its value in monoculture with no cover crop. On the other hand, D er y ł o (1994) as well as J a s k u l s k i et al. (2000) inform about the beneficial influence of a legume cover crop on thousand grain weight of spring barley, while P u ł a and Ł a b z a (2000) report that white mustard ploughed in reduced grain size of spring barley by 5%, on average, relative to its value in the control treatment with no cover crop.
The increase in the number of grains per ear of spring barley, shown in the present experiment, in the stand after the ploughed-in cover crops relative to the result obtained in the control treatment, also finds confirmation in the research of other authors. Among others, J a s k u l s k i et al . (2000) found that an effect of pea, phacelia, and rye cover cropping was a significantly higher number of grains per ear of spring barley. Similarly, K w i a t k o w s k i (2009) showed an increase in the value of the trait in question by 6% in a barley crop grown after white mustard and legume cover crops compared to the value found in barley monoculture with no cover crop.
CONCLUSIONS
1. The stubble crops under comparison did not modify significantly grain yield of spring barley. An increasing trend in yield was only observed in the treatments with the mixture of legumes, lacy phacelia, and white mustard compared to that obtained when barley was grown with no cover crop. 2. The highest spring barley straw yield was found in the stand after the mixture of narrow-leaf lupin with field pea. 3. On average for the three-year study period, there was no significant effect of the ploughed-in stubble crops on plant height, ear length, and grain weight per ear of spring barley. 4. All the stubble crops caused an increase in the number of grains per ear of spring barley compared to that found in the control treatment (with no cover crop). This increase was statistically proven only in the case of barley grown after lacy phacelia and the mixture of legumes.
